The chromatin structure of the larval cuticle gene cluster at 44D was characterized In embryos from wild-type (Oregon R) and a variant line (2/3) of Drosophila melanogaster. A major DNase I hypersensitive (DU) site was found between genes II and III in the chromatin, in a position 5' to the transcriptional start of the genes in the cluster. The introduction of a 7.3 kllobase transposable element into the duster in the 2/3 variant enhanced the sensitivity of the major site in 2/3 chromatin but had no other effect upon the pattern of DH sites associated with the wild-type sequences. The wild-type sequences were packaged into an ordered nucleosome-like array in embryos, as revealed by digestion with the chemical cleavage reagent (methidiumpropyl-EDTA) iron (II) [MPE*Fe(II)]. Nucleolytic cleavage within the transposable element chromatin shows it to be organized in an ordered array punctuated by several DH sites. While the patterns of DNase I hypersensitivity are similar in the vicinity of the direct terminal repeats, the patterns revealed by micrococcal nuclease and MPK'Fe(II) are not, Indicating a different chromatin organization of these two identical sequences.
INTRODUCTION
DNase I hypersensitive sites (DH sites) are short segments of 50-200 bp of the chromatin fiber where the UNA is relatively accessible to a variety of nucleolytic probes, including DNase I (1). Such sites are generally observed at or near the 5' end of active or inducible genes transcribed by RNA polymerase II in Drosophila. DH sites have also been observed at the 3' end of active or inducible genes, occasionally within such genes (i.e., at the internal lmmunoglobulin enhancer), in association with origins of replication, at sites involved in genomic rearrangement, and within the yeast centromere (reviewed in ref. 2) . Thus it appears that DH sites are associated with a variety of functionally important sequences. Indeed, recent studies indicating the binding of effector molecules within DH sites (3) reinforces the notion of DH sites as "windows" which allow interaction of such molecules with the DNA. Current evidence suggests that the DH site is nucleosome-free (4, 5) ; obviously the presence of nucleosomes might well interfere with such interactions.
One may suggest that the structure of the DH site is a function of the structure of the underlying DNA and associated nonhistone proteins. The extent to which the immediately adjacent sequences and overall structural environment can affect the structure and function of a DH site remains unknown. Emerson and Felsenfeld (6) We have examined the chromatin structure at the larval cuticle gene cluster at 44D in wild-type Drosophlla melanogaster embryos (9,10,11), using nucleolytlc enzymes DNase I and micrococcal nuclease and the chemical cleavage reagent (methidiumpropyl-EDTA) iron (II) [HPE'Fe(II)] (12,13). Our study was focused on the effect upon local chromatin structure of a sequence alteration due to the insertion of a copia-like transposable element into the cluster. Further, we have characterized the chromatin of this transposable element, examining in particular whether the direct terminal repeats (surrounded as they are by different sequences) give rise to identical chromatin structures.
MATERIALS AMD METHODS
Prepartion of Nuclei.
Nuclei were prepared from 6-18 hour old embryos as described in Lowenhaupt et al. (14) .
Nudease Digestions. Digestions of nuclei with ONase 1 (Worthington) and micrococcal nuclease (Worthington) were performed essentially as described in Hu et al. (15) . DNase I and raicrococcal nuclease digests on purified DNA substrates were performed as described in Keene and Elgin (16) . Digestions of nuclei and purified DNA with (methidiumpropyl-EDTA) iron (II) were performed according to Cartwright et al. (13) . Plasmid and Phase DNA Preparations.
Phage and plasmid DNA were prepared as described in Eissenberg and Elgin (17) . All operations with recomblnant DNA were carried out in accordance with NIH guidelines. The restriction fragments used as probes to generate figures 4, 6 and 7 were prepared by electroelution from agarose gels. Purification and Analysis of DNA Fragments.
DNA was purified from nuclei as described in Uu et al. (15) . Restriction digestions were performed according to the manufacturers instructions (New England Biolabs). Agarose (SeaKera) gel electrophoresis, Southern transfers, 32p_j. a t, e iii n g of DNA probes, dextran sulfate hybridizations and autoradlography were performed essentially as described in Keene and Elgin (16) and Wu et al. (15) . All samples displayed in a given figure were run on the same gel. confirmed this result (data not shown). It is interesting to note that the position of this site is 5 1 with respect to the direction of transcription to all of the genes in the cluster (see Figure 1 ).
RESULTS

Mapping
An analysis of the chronatin structure at the cuticle gene cluster of the 2/3 variant reveals the presence of a DH site in the 2/3 chroraatln which maps within the transposable element ( Figure 3 ; also see Figure Furthermore, the absence of a classical "TATA" box within the direct terninal repeats argues against a promoter function for these sequences.
This contrasts with the case of the endogenous chicken retrovirus sequences where DH sites in the long terminal repeat elements are correlated with tranacriptional activity (25) , and with the hobo transposable element at the Sgs 4 glue locus in Drosophila mentioned above (24) . Since the DH sites in the HMS Beagle element do not correlate with known transcriptional start sites, and since they are located near direct terminal repeats, it is possible that the terminal DH sites represent structures important not to transcription, but to transposition. This possibility finds an analogy in the case of the mating type loci, where a pair of DH sites are found in MATa and MATa near the Y-Z boundary, independent of any major transcripts (26) .
Genetic and biochemical evidence suggests that this region is important in transposition of the mating type cassettes into the MAT locus during homothallic mating type conversion. While the characterization of the HMS Beagle class of transposable elements is too preliminary to test our inference easily, a similar examination of the chromatin structure of other elements that undergo frequent transposition could be made to examine the generality and clarify the functional significance of this observation.
